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Landscape Development and Coastal Wetland Losses in the
Northern Gulf of Mexico1
R. EUGENE TURNER

SYNOPSIS. The causes of the extensive (0.86%/yr; 288,414 ha/yr) and well documented
dramatic and accelerating rate of coastal wetland loss in the northern Gulf of Mexico
were investigated by an interdisciplinary university research team to discern the role of
outer continental shelf development. The landscape changes and potential causal agents
are emphasized herein. Natural driving factors include sea level rise and geological compaction, which appear to remain constant this century, and sediment supply from the
Mississippi River which has declined by 50%,since the 1950s. Man-made influences include
hydrologic changes from river diversions, flood protection levees, an extensive canal and
spoil bank network, belowground fluid withdrawal and accidental and intentional
impoundments. Wetland loss is not simply a geological phenomenon. Wetland plants hold
sediments together, add to vertical accretion rates, withstand storm winds and waves, and
assist in sediment trapping. Plant physiologic stress is documented where hydrologic changes
occur, and much of the wetland loss could be attributed to the effects of soil waterlogging
on plants, not to sediment deprivation.

INTRODUCTION

Coastal wetlands in the Louisiana-Mississippi coastal zone (Fig. 1) converted to
open water at an average annual rate of
about 0.86% from 1955 to 1978, thereby
continuing a geometric increase this century (Fig. 2). This rate amounts to 288,686
ha for the entire 23 year period. At that
rate the state of Rhode Island would be
lost within 21 years, the District of Columbia within 7 years, or within 55 years the
Netherlands would lose to the sea all of the
land she reclaimed over the last 800 years.
This is equivalent to a suburban home being
lost in one minute.
There is, naturally, concern about these
habitat changes because of the enormous
economic, social, geopolitical, and environmental values involved in such massive
and rapid landscape alterations. Louisiana's coastal wetlands comprise 41% of
the U.S. total coastal wetlands, and are a
state, national, and international natural
resource. These wetlands directly support
28% of the national fisheries harvest, the

1
From the Special Session on Ecology of the Gulf of
Mexico organized by Rezneat M. Darnell and Richard
E. Defenbaugh and presented at the Annual Meeting
of the American Society of Zoologists, 27-30 December 1987, at New Orleans, Louisiana.

largest fur harvest in the U.S., the largest
concentration of overwintering waterfowl
in the U.S., a majority of the marine recreational fishing landings, and a variety of
wildlife. More than 70% of the oil and 90%
of the gas from offshore waters will continue to come from offshore of the study
area, move through it, and enter the industrial processing plants supporting the entire
country. Though now large, these natural
and renewable resources may not sustain
us through the next century because of
their rapid reduction in size.
Man has changed the landscape in several notable ways which may have contributed to these large habitat changes. Examples are shown in Figure 2. Direct
influences of man include those arising
from 40% of the U.S. refining capacity
being located within the coastal zone of the
Gulf of Mexico and 8 major fabrication
yards in the Central Gulf of Mexico (Lynch
and Rudolph, 1984). Indirect impacts
include those arising from canals dredged
in wetlands for both OCS (Outer Continental Shelf) and non-OCS related oil and
gas recovery activities. Most canals and
their associated spoil banks are constructed
to service the oil and gas industry which
largely developed after 1940. Each oil and
gas field in the coastal wetlands has numerous canals and spoil banks. The canals are
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Baytown, TX

• Louisiana Coastal Zone
ffl MMS Study Areas
FIG. 1. The geographical limits of the study area. The three shaded areas were primary study areas for field
work.

dug to float in drilling equipment, and the
spoil banks are the residual dredging materials placed on either side of the canal in a
continuous and unbroken line.
Offshore and onshore oil and gas annual
production rates peaked about 10 years ago
(Fig. 2) and have declined since in spite of
the deregulation of prices that occurred in
the late 1970s. Consequently, fewer canals
have been built in recent years although
the cumulative total canal area created
continues to climb. The average canal
dredged in recent years is smaller than previously, partly due to increased scrutiny by
state and federal management, but also
because the canal network has grown
enough so that new canals can attach to old
ones. Presently, the surface area of canals
is equivalent to 2.3% of the present wetland area. Every hydrologic unit has a significant area of canals that has increased
greatly in the last 25 years. Overall, the
total area of spoil bank levees plus canal
surface is about 6.6% of the present wetland area; increases in spoil and canal area
equal 16% of the net wetland change from
1955/6 to 1978. There is hardly a place
in the Louisiana coastal zone where canals
and their impacts are absent.

The U.S. Minerals Management Service study

The temporal and spatial concurrence
of well-documented and rapid changes in
wetlands and both on- and offshore oil and
gas industry activities led to a Minerals
Management Service (MMS) study of the
role OCS development played in these wetland losses. The causes of these losses are
many (Table 1) and will be discussed below.
There were three primary project goals for
the study: (1) Determine why the coastal
marshes are being lost at a rate approaching 1% annually. Specifically, determine
whether the high rate of coastal submergence is caused by an increase in wetland
sinking (subsidence), a decrease in wetland
building (sedimentation and organic peat
accumulation) or a combination of these.
(2) Determine what impact OCS and
onshore oil and gas development (particularly canal construction) have on wetland
sinking and wetland building processes,
and, therefore, what the indirect contribution of such development is to the rate
of wetland loss. (3) Determine what extent
of wetland loss in south Louisiana is caused
by the direct conversion of wetlands to open
water or upland habitats by the dredge and
fill activities of man.
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THE STUDY AREA

The study area (Fig. 1) included mostly
the Louisiana coastal zone; the Texas portion is an extension of the Chenier Plain
of western Louisiana, and the Mississippi
portion is a transition between the Mississippi River Delta and Mississippi Sound.
Therefore the generalizations which follow are relevant to the entire study area.
The following profile of the area was developed using the 1978 U.S. Fish and Wildlife
Service (USFWS) habitat mapping data
described by Wicker (1980) after minor
corrections to the data base (made by J. H.
Cowan, S. Leibowitz, and C. Neill, Center
for Wetland Resources, LSU).
Of the 3.7 million ha of land and water
shown in the Louisiana portion of the study
area outlined in Figure 1, 58% is open
water, 5.6% urban and agricultural, 32%
wetlands, and 2.1% dredged canals and
spoil banks. The wetlands may be combined into five types: salt marsh (15%),
brackish marsh (47%), intermediate marsh
(23%), fresh marsh (12%), swamp (<1%),
and mangrove (<1%). In addition, about
1% is submerged grassbeds, which are
sometimes considered wetlands. Louisiana
wetlands represent 25 to 41% of all U.S.
coastal wetlands, depending on the classification system (Turner and Gosselink,
1975; Alexander, 1985).
Two distinct geomorphic zones, the

Percent Annual
Landloss Rates
in Louisiana

I
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Percent Wetland as Canal
and Spoil Bank in Louisiana

i
U
* o

Suspended Load
in the Mississippi River

Water Level Change:
Cameron, LA

Pensacola. FL
World Average

1

Louisiana Oil and
Gas Production

FIG. 2. Changes in landscape patterns and use in the
study area. A. Landloss rates vs. time (Gagliano el al.,
1981). B. Canal and spoil bank density since 1900
(Turner?/ al, 1982). C. Suspended sediment concentrations in the Mississippi River since 1950 (Meade
and Parker, 1984). D. Water level record changes for
the world (from Barnett, 1984), Pensacola and Cameron. E. Cumulative oil and gas production for Louisiana (U.S. MMS, 1983). F. Pipeline miles in the Central Gulf of Mexico OCS region since 1950 (U.S. MMS,
1983).

Chenier and Deltaic Plains, are cut by 11
major rivers, of which 2, the Mississippi
and Atchafalaya Rivers, drain about 41%
of the United States. New Orleans, the
major metropolitan center and second
largest U.S. port (by volume), is located on
the Mississippi River and Lake Pontchartrain, an oliogohaline estuary. About 2 million people live in the 18 parishes that form
the Louisiana study area.
Major economic activities in the study
area include (1) oil and gas exploration,
recovery, refining, processing, and related
petrochemical industries; (2) fisheries; (3)
tourism; (4) agriculture (primarily rice and
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This contribution introduces the study
area of the MMS report in terms of (1) its
recent geologic history; (2) the major modifications by settlers; (3) the recent regression from wetland to open water; and, (4)
some proposed mechanisms contributing
to wetland loss. Quantification of the interactions between the variables contributing
to wetland losses are not made, but are
found in the final report to MMS (Turner
and Cahoon, 1987) and anticipated to be
published in refereed journals. Rather, evidence is presented for different points of
view without intentional emphasis on one
or more as dominant driving forces leading
to conversion of wetlands to open water.
Widely accepted points of view are given
less coverage than those views generally
less well-known.
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TABLE 1.

Causes and mechanisms of wetland loss in the study area.

Cause

Direct habitat change

Primary mechanism

Sea level rise
Subsidence increases
Natural
Net loss in vertical accretion without compensation
Oil and gas withdrawal
Accelerated net loss in vertical
Soil shrinkage, net loss in vertical
Soil drying
Hydrologic Changes/Effects
Saltwater balance
Physiological stress leading to plant community change or death
River levees
Restricted sediment supply
Sediment sources
Less sediment from less overbank flooding in rivers or marsh; delta switching
Canals
Change in sediment source and distribution, salinity and water levels; widening; channel theft
Spoil banks
Change in sediment source and distribution, salinity and water levels; water
movement over and under marsh
Hurricanes
Marsh destruction
Bank erosion
Boat wakes/waves
Vegetation changes
Quantity
Change in physiologicl responses to salinity, sediment trapping, organic deposition, flooding
Change in organic deposition, sediment trapping, intraspecific competition
Quality
Pollutants (brine, drilling Death of plants
fluids and other)
Other
Death of plants by parasitic insect (primarily on alligator-weed)
Introduced pests
Muskrat "eat-outs"
Reduced vegetation cover leading to pond formation

row crops and sugarcane); (5) forestry; (6)
fur and alligator harvesting; (7) cattle
ranching; (8) transportation and port facility use; and, (9) light manufacturing.
HISTORICAL DEVELOPMENT

Deltaic Plain
The present Louisiana coastal wetlands
formed as a series of overlapping riverine
deltas extended onto the continental shelf
since the Pleistocene (Fig. 3). The Mississippi River has shifted east and west across
the coast seeking the increased vertical
gradient and lower hydrologic resistance
of a shorter route to the sea. The presently
emerging Atchafalaya Delta was preceded
by at least 6 major deltas over the last 5,000
to 6,000 years. The older delta complex,
the Maringouin, also known as the SaleCypremort, became inactive about 5,000
years ago when the river switched its position to the east. This process of delta growth
and abandonment continued until the posi-

tion of the modern bird-foot delta was
reached about 200 years ago. A new delta
is forming at the mouth of the Atchafalaya
River, whose flow includes about 30% of
the total Mississippi River discharge.
Growth and decline in a new delta is
therefore cyclic, but is not necessarily symmetrical. In the constructional phase, seaward progradation causes delta muds to be
overlain by silts and sands which, in turn,
are topped by delta marsh sediments,
including organic deposits (Fisk, 1960).
Smaller subdeltas may deposit sediments
up to 14 m (45 ft) thick and the entire delta
sequence may be 150 m (491 ft) deep. In
the destructional phase, the river abandons
its channel in favor of a shorter route to
the sea. As the upper layers erode, exposed
sediments may be reworked, and marine
transgression may occur. As the distributary channels become smaller and the delta
is abandoned to be rebuilt elsewhere, the
interdistributary ponds, levee flank lakes,
and bays enlarge at the expense of the wet-
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Dredging, construction, filling in or over, erosion, prospecting machinery
(marsh buggies)
Increased flooding of plants
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FIG. 3. The major delta lobes of the study area
(adapted from Frazier, 1967).

ridges of shell and sand separated by progradational mudflats, or mudflats which are
now marshes or open water. The mudflats
grow during periods of deltaic abandonment as reworked sediments move westward with littoral drift; subsequent sediment resorting builds the ridges. The area
is termed a "chenier" in reference to the
oak trees (chene in French) growing on the
ridges.
Barrier islands

Louisiana's barrier islands form and
evolve with delta growth and decay. However, unlike wetlands which form during
the progradational phase of delta growth,
barrier island growth is initiated when delta
transgression predominates. Barrier islands
are generally absent as deltas prograde onto
the continental shelf. When the river abandons the main distributary and sediment
sources diminish, erosional headlands form
with flanking barrier islands. The transgressive delta front sands are reworked and
move landward forming the barrier islands.
At this point marshes are attached to the
barrier islands on the landward side with
a bay separating the islands from the mainChenier Plain
The Chenier Plain, located in the west- land. Spits may form and some islands fragern portion of the study area, is a series of ment to form flanking barrier islands.
separate shore-parallel to shore-oblique Without sediments to compensate for the
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lands. The levee gradually sinks into the
surrounding marsh which covers it, leaving
only a reduced surface expression of its
larger buried form.
The abandonment of the delta is not
complete, however. Large-scale interlobe
basins become isolated by delta lobe
switching and gradually build seaward and
in different forms from those of the smaller
interdistributary bays. Kosters et al. (1987)
point out that the physical environments
of the two landforms are very different
(Table 2). Whereas abandoned delta lobes
and large-scale interlobe basins are located
away from the daily effects of waves and
tides and over relatively thin Holocene sedimentary deposits, the active outbuilding
system is more likely to be affected by these
processes. The swamps are wider, deeper,
and over thicker organic deposits in the
abandoned lobes, while the progradational
delta has fewer large lakes (if any), its levees
are closer together, and its sediment sources
are directly riverine and often delivered
through crevasses (breaks in the natural
levee). Barrier islands are generally present only in abandoned deltas or seaward
of interlobe basins.
The most recent delta lobe prior to 1950
is the Balize or bird-foot delta. Where crevasses form, sediments fill in the adjoining
bays and built the delta over 200 years.
Land gain and loss rates at individual crevasses rose and fell during that period, but
the net change from 1820 to present has
been a gain at all crevasses and for the total
subdelta area; land area actually increased
from 1972 to 1978.
Although there has been a net land gain
for the last 5,000-6,000 years over the Deltaic Plain, smaller areas continually go
through a cycle of growth and decay. Lake
Pontchartrain, for example, has been
enlarging since the St. Bernard Delta was
abandoned, and the Chandeleur Islands
and landward marshes are remnants of the
St. Bernard Delta abandonment, which
started 4,000 years ago.
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TABLE 2. Differences between large-scale interlobe basins (e.g., Baralaria basin) and small-scale interdistributary bays
(e.g., Pass A'Loutre) in the Mississippi River deltaic plain (adapted from Kosters et al., 1987, with additions).
Small-scale bay

Distributaries
Distance between levees
Daily tidal influence
Daily wave influence
Lakes
Crevasses
Evolution
Sediment sources

More than one deltaic system
Maximum of 75 km
Small
Small
Possibly long-lived and large
Remnants
Over 6,000 years
Resuspension, import through tidal
passes and from local streams
Extensive and shallow
Varies from high to low
Often present
Large, extensive

One deltaic system
Maximum of 20 km
Large
Large
Small, if at all existent
Many new ones
800-1,500 years
Riverine

Peats
Downwarping at delta terminus
Barrier islands
Swamps and marshes

overwhelming influence of subsidence (due
to compaction of underlying sediments) and
frontal erosion, the marshes between the
islands and the mainland deteriorate and
form a bay. Eventually, the island deteriorates completely and is far from the mainland {e.g., the Chandeleur Islands). Shoals
are remnants of barrier islands (e.g., Ship,
Trinity, and Tiger shoals). Evolution of one
barrier island system is generally matched
by others so that as one diminishes, another
grows. However, evolution will only continue as long as the riverine deltaic cycle
is allowed to initiate new deltas at the
expense of sustaining others.
Gulf Coast Geosyndine and subsidence

The large volumes of sediments deposited in the Gulf Basin created the Gulf Coast
Geosyncline, and resulted in numerous
depocenters whose location changed with
glacial advance and retreat, sedimentation
pattern, and depth. During the Pleistocene
the major depocenter of the Gulf Coast
Geosyncline was offshore of southwestern
Louisiana. It moved eastward during the
Holocene. The axis of the geosyncline is
roughly parallel to the present coastline.
Accumulated Holocene sediments within
the study area range from 0 to 200 m and
are generally thickest at the Balize delta
lobe.
These sediments are mostly fine grained
and highly organic. Following deposition
they undergo consolidation, compaction,
and oxidation. Volumetric changes occur

Rare
High
Absent
Thin, restricted

as water is squeezed out from between soil
particles. The soil is further reduced by
biochemical oxidation of the attached and
accompanying organic constituents. All of
these processes are termed subsidence or
the downward displacement of surface
materials without a horizontal component.
Vertical change resulting from oxidation
and soil shrinkage caused by aeration, usually following drainage, is also defined as
subsidence by agronomists.
Sea level

Coastal water levels are not constant seasonally, annually or through geologic time.
Water levels change when the total quantity of water in oceans fluctuates or when
the spatial or temporal distribution of that
water varies among the major water basins.
Glacial advances and retreats, climatic
events, and oceanic currents are examples
of this absolute change in sea level or eustacy. Small changes in the water temperature of a large ocean may also change
water volumes and therefore water level.
During the Pleistocene, river valleys alternately filled in or were entrenched and the
coastal wetlands retreated or expanded,
respectively, depending on some natural
balance between sediment supply, plant
adaptation and growth, and inundation
regime. In addition, the vertical position
of land with respect to sea level is not constant. Relative sea level rises occur, for
example, when the submerged soils compact, reduce through oxidation or removal
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Catastrophic events

Shorelines are vulnerable to storm damage. Hurricanes are most likely to strike
the coast during summer and fall (Muller
and Fielding, 1987). Hurricanes bring salt
water and sediments inland with high water,
increase flooding, and may erode land
through physical action of waves, wind, and
currents. Barrier islands are particularly
susceptible to hurricanes. Hurricane Frederick topped Dauphin Island, Alabama, in
September, 1979, with a 3.6 m storm tide.
Shoreline retreat averaged 15 m there and
up to 30 m at the Chandeleur Islands where
the storm surge was only 1.3 m (Nummendzletal., 1980; Boyd and Penland, 1981).
RECENT AREAL CHANGES

For the past 5,000 years there has been
net land gain along this coast, together with
periods and localized instances of wetland
loss; now the rate of loss is approaching
0.8% annually or about 155 km2 (60 mi2)
per year for the whole Louisiana coastal
zone. Even more unfortunate is that the
rate is apparently climbing geometrically.
Some segments of the Louisiana coast
are eroding faster than others. Barrier
island retreat and erosion are severe. From
1955/6 to 1978, the modern Mississippi
River Delta had one of the highest wetland
loss rates in the state and parts of Barataria
Bay and areas near Lake Pontchartrain
were eroding as fast as in Plaquemines Parish (5% annually). Although there was land

Shoreline Change Rates (ha)
1932-1954

+99

-841

1954-1969

+65

-537

-99
-116

Not
Included

Total Annual
1932-1954
-82ha/yr
1954-1969 -98ha/yr

FIG. 4. The land lost with the landward movement
of the coastline from 1932 to 1969 (adapted from
Morgan and Morgan, 1983).

gain in some areas, the overall loss rates
are very significant in all of the hydrologic
units within both the Deltaic and Chenier
Plains. The highest rates of change were
within the saline and brackish marshes in
the Deltaic Plain and within the brackish
and fresh marshes of the Chenier Plain.
As the marsh turns into open water, the
shoreline retreats inland. As the shoreline
retreats, a positive feedback may develop.
The amount of water moving into and out
of the estuary increases with the enlargement of tidal inlets and bays following land
loss; the higher flushing rate deepens the
bay, leading to further erosion of the barrier islands. These barrier islands are
retreating inland. The rate of retreat was
20% higher in 1954 to 1969 compared with
1932 to 1954 (Fig. 4).
In general, wetland loss rates are highest
in young deposits near the coast and where
recently accumulated sediments are thickest (Fig. 5). The rates are lowest in older
sediments far from the coast. Scaife et al.
(1983) suggested several reasons for this.
First, as a delta grows, overlaps, and extends
seaward, the underlying deposits nearest
the sea are necessarily the youngest, and
the sediments within are sorted least and
are less resistant to erosion. Second, the
seaward edge of a delta is thicker; thus consolidation, dewatering, and downwarping
are greatest there. Third, compared with
landward, the seaward edge of a delta is
more subject to wave attack, currents, and
redistribution of sediments. Compared with
younger deltas, older deltas have had more
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or move when the underlying basement
material changes position.
Absolute and relative sea level began rising from about 100 to 140 m below present
levels following the last glacial advance
(Late Wisconsin about 30,000 years, B.P.).
Fisk and McFarlan (1955) describe subaqueous deltaic terraces along with coast
at - 1 8 3 , - 1 2 2 , - 6 1 , and - 3 0 m below
present sea level, indicating that sporadic
transgressions occurred when the most
recent sea-level rise began 12,000 to 17,000
years ago. Sea level rise has decreased significantly since 5,000 to 6,000 years B.P.,
when the present Chenier and Deltaic
Plains began to form in Louisiana and
Texas.
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Depth to
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from Coast (km
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estimate of regional average eustatic sea
FIG. 5. Wetland losses in 7.5 minute quadrangle maps
from 1955 to 1978, as related to distance from the level rise this century is therefore 0.22 cm/
coast, depth to Pleistocene Terrace, and sediment yr. Although clearly fluctuating over
age. Adapted from data originally prepared from decades, the long-term rate of eustatic sea
Scaife et al. (1983) and additional changes resulting level rise in the Gulf of Mexico has not
from this research. A polynomial regression is accelerated significantly since 1908 (Fig.
depicted.
6).
Global sea level rise may accelerate in
time to stabilize through consolidation, the next century from the effects of
grain sorting or gravity.
increased atmospheric carbon dioxide concentrations, resultant temperature rise,
RECENT CHANGES IN NATURAL
glacial melting, and oceanic expansion. It
DRIVING FORCES
has been suggested that a eustatic rise in
Major processes leading to the present sea level of 0.56 to 3.45 m is possible by
high wetland loss rates include natural fac- the year 2100 (e.g., Hoffman et al., 1983).
tors and those resulting from man's influences, including: (1) reduced sediment con- Geological subsidence
centrations in the Mississippi River (Meade
In addition to absolute changes in sea
and Parker, 1984; Kesel, 1987), and level, water levels change because of the
heightened flood levees which prevent compaction of sediments and downwarpoverbank flooding of the remaining sedi- ing of underlying depositions; the geosynments; (2) a complex hydrologic modifi- cline depocenter has the highest rate of
cation converting 7% of the wetlands into subsidence. Estimates of geological subsiartificial channels and spoil banks, predom- dence have been made by analyzing tide
inantly oil and gas recovery canals and gage records. When the influence of seapipeline canals but also navigation water- sonal changes in water level and eustatic
ways; (3) geologic subsidence; (4) sea level variations are removed from the record
rises; (5) biological changes; (6) cata- the geological subsidence rate can be estistrophic events; and, (7) relative changes mated correctly. When these two correcin sea level caused by absolute and relative tions are made, it becomes clear that there
sea level rise. "Are there recent changes is no measurable change in geologic subin natural driving forces?" is a major ques- sidence evident in the tide gage records
tion, which is addressed here.
since the 1940s.
Although the rates of eustatic sea level
Sea level rise
rise and geologic subsidence have not
Determining changes in sea level in more accelerated significantly this century, the
recent times is difficult because of meth- relative water level may have been rising.
odological and data limitations. Tide gage First, recent climatic fluctuations may result
records are usually used to determine in longer and higher water levels during
trends, and the tide gage itself is influenced certain parts of the year. This aspect of
by changes in substrate position, and sea- water level rise is largely unexamined. Secsonal variations. However, three stations ond, water management (e.g., for navigaaround the Gulf of Mexico are assumed to tion purposes) may result in higher water
be on relatively stable geologic platforms levels if locks hold water in or pumping
and, therefore, to represent eustatic sea diverts water where it would not normally
level changes. From the 1920s to the 1980s be.
Loss
100

i •
i *
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Sediment supply

MAN-MADE INFLUENCES ON THE
LANDSCAPE

Early history

At the time of the Louisiana Purchase
in 1803, the wetlands were already populated by hunters, trappers, and fishermen
who occasionally modified wetland hydrology with navigation trails; a few farmers
also tried to reclaim wetlands by using levees. With passage of the Swamp Lands Acts
in 1859 and 1860, ownership passed from
federal to state and then to private hands.

50

in

Cameron.

mmm
r pur

0.56cm/yr

1960
Year

FIG. 6. Water level changes at three coastal stations.
Left panel: Mean annual water level (cm) at Key West
and Cedar Key, Florida. Right panel: Mean monthly
water levels at Cameron, Louisiana.

More and larger wetland management followed, either directly or indirectly, either
passively or actively. At least 43 large-scale
agricultural impoundments were built by
1915; most of them failed (Turner and
Neill, 1984). Extensive cypress logging was
conducted at the beginning of this century.
Today one can still see the water trails
formed when trees were dragged toward
the dredged channels to be floated or
loaded away to the mills.
Aquaculture ponds developed as early as
the 1950s and are located primarily in
swamps and upland terraces. The Mississippi River was effectively walled in with
levees from Vicksburg to the Gulf of Mexico after the unexpectedly high and disastrous floods of the late 1920s. However,
the most intensive and extensive modification of wetlands results from the growth
of canals dredged since the 1930s when
offshore and onshore oil and gas recovery
activities began in earnest.
Hydrology

Major hydrologic changes caused by
man's activities result from navigation
channels, canal and spoil bank construction, and the Mississippi River flood protection levees. The major navigation channels include the Intracoastal Waterway
(running roughly east to west at the northern end of the study zone) and individual
channels (running to south) connecting
inland waters and the Gulf of Mexico. The
amount of OCS transportation on these
canals and their impacts are discussed by
Baumann et al. (1987) and saltwater intrusion aspects by Wang (1987), Wiseman and
Swenson (1987a, b) and Mendelsohnn and
McKee (1987). An example of a primary
hydrologic alteration of a deep navigation
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According to Meade and Parker (1984),
suspended sediment loadings abruptly
declined in the mid-1950s following dam
and reservoir construction on major tributaries of the Mississippi River (Fig. 2) Suspended sediments fall out of suspension
behind dams and in reservoirs, thereby filling the newly-formed basin and giving the
basin a fixed, useful life for the purpose of
the construction. The gradually more
intensive land use throughout the Mississippi River watershed should have contributed to increased sediment loading but has
apparently not yet filled the dams and reservoirs built there. As a result, suspended
sediment concentrations (but not necessarily bedload sediments) declined throughout the entire Mississippi River watershed
in the 1950s, although the relative amounts
are probably not well-represented by data
from one station. The basins are apparently still filling since the suspended sediment load has remained at its present level
since the period of major dam and reservoir construction (see Kesel, 1987, for more
detailed discussions).
The Old River Control Structure,
upstream from New Orleans, diverts 30%
of" the Mississippi River volume into the
Atchafalaya Basin and the Atchafalaya
River which itself debauches south of Morgan City, Louisiana. Measurements of bed
load show a shift to finer grain sizes at the
bird-foot delta (Keown et ai, 1981). In
addition, the extensive levees along the
Mississippi River Delta divert sediments
downstream, close off crevasses, and prevent normal overbank flooding.
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The weight of the levees themselves
compacts the wetland soils beneath them.
Nichols (1959) documented that belowground water not only had a smaller crosssectional area to pass through beneath a
levee, but also a more impenetrable material. This finding indicates that the marsh
is effectively hydrologically isolated from
the nearby waterbodies from both above
and below by a levee.
The indirect impacts of hydrologic modifications, however, have only recently been
recognized and are, in general, poorly documented or understood (Allen and Hardy,
1980). One major indirect effect is to partially or completely impound marshes
thereby reducing drying cycles and
increasing flooding times (Swenson and
Turner, 1987). Naturally formed streams
often widen at the tips of the formerly
smaller headwaters, whereas other streams
disappear. Near Leesville, Louisiana, the
area of natural drainage channels decreased
exponentially with the linear increase in
canals (Craig et al., 1980). As the canals
and levees cross the channels, the latter
often close off, silt in or erode into open
ponds. Man-made features are spatially and
temporally related to the "holes" in the
marsh, wherein wetland emergent vegetation is converted to open water. Papers
discussing wetland loss and causes, mitigation, and related management issues
include Craig et al. (1980), Scaife et al.
(1983), Sasser et al. (1986), Neill and
Turner (1987a, b) and Cowan et al. (1987).
A second indirect impact of hydrologic
change involves altering sedimentation
patterns. Neill and Turner (1987) found
less sedimentation behind spoil bank levees, compared to natural levees, presumably the result of altered marsh flooding
frequency and depths. The relationship
between man-made changes is not very well
known, however, and the impacts range
from local to regional scales (Cahoon et al.,
1987).
Subsidence

Soil oxidation and subsurface fluid withdrawal may encourage subsidence in surface and deeper soils, respectively. Surface
drainage has resulted in a lower water table
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(shipping) channel is in Calcasieu Lake in
the Calcasieu Basin during the mid-1940s.
This shipping channel captured the main
flow of fresh water from the Calcasieu River
that, during periods of peak discharge, circulated throughout the basin (Alexander,
1985). The deep channel now acts as a "salt
pump" and brings saline waters further
inland (Alexander, 1985).
Canals in coastal Louisiana are built by
various dredging methods to assist navigation, below-ground mineral recovery,
pipeline construction, and trapping (for
more complete discussion, see Davis, 1973;
Allen and Hardy, 1980). Most canals are
constructed to service the offshore and
onshore oil and gas industry (Adams et al.,
1978), which largely developed after 1940
(Fig. 2). In some years, almost one-third of
the U.S. Army Corps of Engineers (COE)
dredge and fill permits are issued in Louisiana (Mager and Hardy, 1986). Each oil
and gas field in the coastal wetlands has
numerous canals and spoil banks. The
canals are dug to transport drilling equipment, and the spoil banks are the residual
dredging materials placed on either side of
the canal, most often in a continuous line.
Oil and gas annual production rates peaked
about 10 years ago and have since declined,
in spite of the deregulation of prices in the
late 1970s. Consequently, fewer canals have
been built in recent years, although the
cumulative total canal area continues to
climb. Presently, the surface area of canals
is equivalent to 2.3% of the present wetland area. Every hydrologic unit has a significant area of canals that has increased
greatly in the last 25 years. Overall, the
total area of spoil bank levees plus canal
surface is equivalent to about 7% of the
present wetland area in the Mississippi
River deltaic plain. The natural channel
density in a natural marsh is about 8% to
10% of the marsh. The annual enlargement of some canals ranges from 2% to
14.8% or a doubling rate from about 5 to
35 years (Craig et al., 1980; Johnson and
Gosselink, 1982). Enlargement of the
existing canals now approaches the area of
new canals added each year. The lifetime
of spoil banks is measured in decades
(Monte, 1978).
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Impoundments

Marsh management plans (MMPs) are
an additional major change in the landscape. Almost all MMPs, either implemented or proposed, include structural marsh
management practices that result in
the impoundment or semi-impoundment of
wetlands in Louisiana's coastal zone. Complete hydrologic isolation of a management area is an impoundment, while partial confinement is a semi-impoundment.
Impoundments are hydrologically isolated, either naturally or artificially by a
surrounding levee, and therefore they are
disconnected from regional riverine or
estuarine systems (Cowan et al., 1987). The
area of Louisiana impoundments amounts
to nearly 10% of Louisiana's coastal wetlands.
Fauna
T h e muskrat {Ondatra zibethicus) is a

have demonstrated their dominant influence on vegetation colonization in new deltas (J. G. Gosselink, Center for Wetland
Resources, LSU, personal communication).
An introduced insect pest of the common freshwater plant alligator-weed (Alternanthera philoxeroides) invaded Louisiana

wetlands between 1955 and 1978. The
insect was introduced to control submerged aquatics in reservoirs; it weakens
stems causing reduced growth and physical
collapse. Alligator-week comprises 6.3% of
all fresh marshes (Chabreck, 1972) and was
particularly common in the Mississippi
River Delta. It is unknown just how severe
the impact of the insect has been on wetland loss rates, but some alligator-weed is
still present in the delta.
WETLAND PLANT TO OPEN
WATER CONVERSIONS

The above discussion indicates some of
the empirical and correlative relationships
between changes in wetland hydrology and
habitat changes. Our knowledge of why
and how hydrologic changes affect habitat
quantity and quality is incomplete, and it
is the purpose of this study to enlarge the
basis for understanding. Wetland plants are
sensitive to alterations of the soil chemistry
and hydrologic changes, and natural and
man-made influences on soils and plants
may significantly alter the balance between
wetland gain or loss. The influences are
discussed here.

common herbivore in south Louisiana
brackish marshes, and, when their populations are dense, they can decimate a Soil properties
marsh, particularly a three-cornered grass
Soils respond rapidly to alterations in
(Scirpus olneyi) marsh. The muskrat popu- wetland hydrology because of the relalation, with reduced food, then either rap- tively quick growth of soil microorganisms
idly decreases or migrates. O'Neil (1949) and fast chemical reactions. The long-term
noted that these "eat-out" areas normally development of soils can indicate the future
revegetate after a few years. Gosselink health of plants, usage, and sediment accu(1984) mentions that the frequency of eat- mulation. Marsh soils are often reducing
outs is now much rarer than in the 1920s environments where elements other than
and '30s because of hunting pressure. oxygen serve as electron acceptors. The
Nutria (Myocaster coypus) were introduced proportion of oxidized-to-reduced comto Louisiana at the turn of the century, and ponents in the soil constitutes the redox
their population has expanded to the point potential (Eh) and can be measured in milwhere their fur harvest is a major eco- livolts as an electromotive force about the
nomic activity in south Louisiana. Exclo- electrode. Reduction occurs sequentially
sure experiments at the Atchafalaya Delta through a series of elements (oxygen, water,
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and soil oxidation and has consequently
lowered the land surface in New Orleans
(Snowden et al., 1977; Traugher et al.,
1979). Oil, gas, and production fluid withdrawal from deep layers has resulted in
measurable increases in subsidence outside
of Louisiana (Castle et al., 1969; Kesteren,
1973). Local subsidence caused by oil and
gas fluid withdrawal in Louisiana has been
estimated to be 2 cm for the entire period
of production (Martin and Serdengecti,
1984; Suhayda, 1987).
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posed as a major contributor towards sedimentation rates in mangrove coasts (Wells,
1981). Because of organic matter, marshes
need less mineral matter than a bay bottom
to maintain elevation in the face of a rising
sea level or a sinking substrate.
Wetland plants are sensitive to soil chemistry, and they respond both metabolically
and morphologically to altered hydrologic
regimes (Linthurst, 1979; Mendelssohn and
McKee, 1981; Mendelssohn et al, 1981).
Because the reciprocal feedback loops are
balanced in a stable marsh, the disturbance
of any one of many factors may result in
marsh loss or gain. Thus the soil pH-redox
equilibrium, soil aeration, and plant water
requirements are interrelated, but these
relationships are not completely understood, even in laboratory settings (Mendelssohn, 1979; Sasser, 1979; Jakobsen et
al, 1981; Mendelssohn et al, 1981).
The effect of excessive soil waterlogging
Plants, sedimentation rates, and submergence
on
inland forms of "short" Spartina alter"Vegetation not only behaves as a geoniflora
is decreased productivity: the facmorphic process through its stabilizing
tors
inhibiting
plant growth are directly
and binding effects on detrital sediments
related
to
increased
anerobic soil condiand by offering a continuous supply of
tions
and
related
factors
leading to low Eh
organic material but also serves to dis(Mendelssohn
et
al,
1981,
1982). Low soil
close the roles of other processes such as
Eh
may
result
indirectly
or directly in
tide and salinity regimes." (Coleman and
nitrogen
deficiencies.
Related
factors
Wright, 1971, p. 64).
include root oxygen deficiencies, toxins
Plants contribute to vertical soil accre- produced by soil anerobic respiration,
tion by (1) trapping sediments; (2) accu- reduced water movement causing nutrient
mulating locally and distantly produced depletion near the root, decreased root
organic matter; and, (3) depositing root metabolism, and a smaller oxidized rhizomaterial below ground. Their distribution sphere that buffers the plant against soil
reflects influences of salinity, below- and toxins. In general, salt marsh plants are
above-ground hydrology, and interaction very sensitive to change in the hydrologic
regime (Table 3).
with insects and herbivores.
Vertical soil accumulation is therefore
The reduction status of wetland sedinot simply the result of sediment supply ments influences the growth of plants, in
but also of the interaction of plants and the part, through the plant rhizosphere by
prevailing hydrologic regime. For exam- affecting the biological availability of the
ple, besides trapping mineral matter at the more important plant nutrients, such as
surface, plants add a substantial amount of nitrogen and phosphorous. Phosphorus is
organic material to the soil below ground generally more available under flooded
in the rooting zone. Fresh marsh soils are conditions (Patrick and DeLaune, 1977).
mostly organic debris produced in situ. Even Waterlogged soils high in organic matter
salt marsh soils may be composed of up to may have a low Eh, resulting in the reduc50% organic matter. Second, as the organic tion of sulfate to sulfide (Gambrel and Patmaterial is laid down, mostly below ground, rick, 1978). Sulfide may be toxic to the
the weight per unit volume (measured as biota. Sulfide can leave the system as
bulk density) decreases. This has been pro- hydrogen sulfide gas or can precipitate with

nitrate, manganese + 4, iron + 3 , sulfate)
from higher to lower Eh values. In general,
reduction of one element begins only after
reduction of the others is complete. Oxidized elements are reduced biologically by
bacteria which have a definite selectivity
for element type and Eh-pH range. For
example, a specific bacteria group reduces
sulfate to sulfide at —200 to - 3 0 0 mv, only
when nearly all the iron is reduced. Redox
measurements thus give an indication of
what elements are being reduced and the
metabolically active organisms that are
present. Decreased soil water movement
and stagnation has been correlated with
lower redox potentials and high concentrations of reduced compounds (particularly sulfide) in salt marsh soils (Mendelssohn and Seneca, 1980; Howes et al, 1981;
King et al, 1982).
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Salinity

Soil salinity has an immediate effect on
marsh health through its effect on plant
growth. There are many places across the
coast where one finds dead cypress trees.
This situation is commonly attributed to
saltwater intrusion, but may also be the
result of increased waterlogging. The
potential effects of salt water were thought
to be so significant to our understanding
of the marsh that four separate studies on
salinity were conducted as part of this project.

TABLE 3. Changes in hydrologic regime of a semi-impounded salt marsh (from Swenson and Turner, 1987).
Control

Flooding
Number of events
Event length (hours)
Drying
Number of events
Event length (hours)

12.9
29.7

Semiimpounded

4.5
149.9

4.0
53.9
3.99
Mean water level (cm)
1.71
Volume exchange (m'/m* marsh surface)
0.15
0.06
Aboveground
0.09
0.04
Belowground
11.6
31.2

levees forming an impoundment in Florida
were broken, the vegetation returned (Gilmore et al., 1981). When the levees were
initially constructed, the resulting blockage of natural hydrologic flows resulted in
dead and dying vegetation. When the
hydrologic flows were restored, the vegetation recovered. Marsh vegetation also
reappeared when dikes were breached in
two 200-acre marshlands near San Francisco (Faber, 1982; Josselyn and Perez,
1982). Subsidence, as well as vegetation and
groundwater level, was reversed when the
ditches were refilled from the existing turf
line created from the ditching.
SUMMARY

MARSH PLASTICITY

Wetlands are not all equal in composition or rates of areal gain or loss. They can
make some adjustments to changes. For
example, marshes can stretch vertically with
tides and trap various amounts of sediments in apparent adjustment to constant
sea level rise. Harrison (1975) measured 5
to 8 mm vertical displacement of marsh
soils over approximately 2 hr as the tide
level rose in a Connecticut salt marsh. Deadend canals tend to fill over time, and backfilled canals may revegetate as do spoil
banks when torn down (Neill and Turner,
1987).
Examples of successful restoration from
other areas indicate the importance of
hydrologic changes on wetlands and how
much they can recover. For example, when

The present Louisiana landscape, formed
from the interaction of geologic, biologic
and climatic influences over the past 5,000
years is extensive, nationally significant,
heavily used by man, and changing at historically high rates. From a qualitative point
of view, the probable causes of the present
high wetland-to-open water conversion
include both natural and man-made influences within and away from the study area.
These causes are probably interactive and
may be expressed through plant death or
removal, substrate erosion, reduced vertical growth of a sinking soil substrate or
all of the above.
On a coastwide basis, wetland loss rates
are accelerating in recent times, whereas
the rate of geologic subsidence and eustatic
sea level rise appear stable. Important ele-
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ferrous iron to form ferrous sulfide which
is not toxic (Patrick and DeLaune, 1977).
Goodman and colleagues (Goodman et al.,
1959; Goodman, 1960; Goodman and Williams, 1961) have proposed that the
increased soil sulfide concentrations occurring in standing waters may be implicated
in the physiological demise of some marsh
plants. A study in a Georgia salt marsh
showed that where water movement was
experimentally increased, plant productivity doubled (Wiegert et al., 1983); where
water movement and plant productivity
were least, sulfide concentrations were the
highest. Drainage of sulfides out of the area
and inputs of iron into the area (from tidal
flushing) may help keep the toxic effects
of sulfide from lowering marsh productivity (King et al., 1982).
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